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Abstract: PURPOSE: To constitute a small accelerometer at a low 
TITUTION: A plate-shaped reference mass 13 is supported to a s 
an elastic hinge 12 and the axis of the hinge 12 is set to the 
nd of the reference mass 13, and an electrode 21 is formed on 
ace of the reference mass 13 and an electrode 22 opposite to t 
1 is supported to the support 11, and a capacitor 23 comprisin 
es 21, 22 is connected in parallel with the piezoelectric elem 
scillating circuit 24 comprising a MOS inverter. The oscillati 
f the oscillating circuit 24 is counted by a counter 27 and th 
etween this count and the oscillation frequency when accelerat 
tor 28 is not applied is calculated by a subtractor circuit 29 
as acceleration to be applied. COPYRIGHT: (C) 1994, JPO&Japio 
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Abstract 

• 

l A plate-shaped reference mass member (13) is supported to a support member 1 1 through an elastic hinge 
! (12). An electrode (21) is disposed on one surface of the reference mass member (13). An electrode (22) 
I spaced apart from and opposed to the electrode (21) is supported to the support member (1 1). A capacitor (22) 
I formed by the electrodes (2 1|and (22) is connected to form a part of an oscillation circuit (24). The oscillation 
I frequency of the oScipatitiii |cjrcuft:(24:) is counted by a counter (27). A^ubfr^r (£9);palculates the difference 
| between the counted value and a count value stored in a register 28 wfiehfiia (acceleration is applied. The 



difference is output as a detected acceleration being applied. 
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BACKGROUND OF THE INVENTION 

■ mm * 

The present invention relates to an iacceierometer for detecting ah input acceleration by an oscillation 
frequency of an oscillator which varies corresponding to an angular displacement of a reference mass 
member which is supported by an elastic hinge. 

* * • 

Fig. 1 shows the theoretical construction of a conventional oscillator output type digital accelerator which 
detects variations in frequencies. 

■ ■ 

In the figure, one end of a plate-shaped reference mass member 13 is supported by a . support member 1 1 
through an elastic hinge 12. One end of an oscillator 14 is connected to the other end of the reference mass 
member 1 3 in such a way that they are perpendicularly disposed each other. The other end of the oscillator 
14 is connected to the support member 11. Thus, the direction in which the oscillator 14 extends is 
perpendicular to the direction in which the rotation axis of the elastic hinge 12 extends. 

In this construction, when an acceleration is applied to the support member 1 1 in the direction of an input axis 
(namely, the longitudinal direction of the oscillator 14), ah inertial force takes place in the reference mass 
member 1 3. The direction of the inertial force is reverse of the direction of the applied acceleration. The 
magnitude of the inertial force is proportional to that of the applied acceleration. Thus, an angular 
displacement takes place around the elastic hinge 12; Consequently, the oscillator 14 connected to the 
reference mass member 13 is tensioned or compressed depending on the direction of the acceleration being 
applied. 

Since the oscillator 14 has a natural frequency which is a function of the tension or compression, the natural 
frequency of the oscillator 1 4 varies corresponding to the direction and magnitude of the acceleration being 
applied. On both surfaces of the oscillator 14, electrodes (not shown) are formed to oppose each other. The 
electrodes are connected to an electrical circuit (not shown) to form an oscillation circuit having an oscillation 
frequency of the natural frequency of the oscillator 14. By measuring the oscillation frequencies of the 
oscillation circuit and detecting the variations thereof, the magnitude and direction of the acceleration being 
applied can be detected. 

Thus, the conventional oscillator type accelerometer using the oscillator as a force converting element 
largely depends on the performance of the oscillator. In addition, to allow the reference mass member to 
dump, the oscillator must be vibrated in air. Therefore, a special type oscillator must be developed. 
Moreover, the mounting error of the oscillator directly affects the accuracy of the output. Further, it is required 
to prevent a thermal stress from affecting the oscillator to cause an output error. To solve these problems, 
the mounting structure of the oscillator would inevitably become complicated. As a result, the size of the 
accelerometer increases and the production cost thereof rises. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above-described problems and to provide a small, 
inexpensive, simple accelerometer having no special oscillator as a force .converting element which detects a 
displacement of a reference mass, member s6 : as to output a frekjuericy Corresponding to an input 
acceleration. . 

m ■ • 

A first aspect of the present invention is an accelerometer comprising: a reference mass member supported 
to a support member through an elastic hinge and adapted to move corresponding to an acceleration being 
applied, a first electrode disposed on one surface of the reference mass member perpendicular to an 
acceleration sensing axis, a second electrode disposed on the support member in parallel with and opposed 
to the first electrode, an oscillation circuit having a capacitor formed by the! first and second electrodes as an 
oscillation frequency defining element; and a calculating portion for detecting variation in oscillation 
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frequency of the oscillation circuit and for outputting the variation as a detected acceleration. 

• ■ - < * » 

p * * ■ 

.!»".*• 

A second aspect of the present ihventiohtsan accelerometer comprising a reference ma$s member 
supported tb a support member through ah elastic hing£ $hd adapted to move corresponding to an 
acceleration being applied, first and sfccohd dectrodes disppsed on first and. second surfaces of the. 
reference mass member perpendicular id an acceleration sensing axis, third and fourth electrodes disposed 
on the.support member, jn parallel with arid opposed to the first and I second electrodes, respectively, a first 
oscillatibh circuit having acapacitor form^byWie first and third: electrodes as -an oscillation frequency 
defining element; a second oscillation circuit haying, a capacitor fprmedl by the second and fourth, electrodes . 
as ah oscillation frequency defining : eiemeht,i3nd : a cajbujating: portion: f br d etebting the d ifference between 
the.Qscillafidh frequencies of Jthfe fi^t ^hd:setbnd o difference! as a 

detected acceleration. 

, * - • ■ • »» ■■ • *• 

According to the present invention, when an acceleration is applied in thie direictipn of the input axis and 
thereby a corresponding displacement takes place in the reference mass member, the capacitance.created 
between the opposed electrodes of the reference mass member increases 
oscillation frequency of the oscillation circuit, which oscillates at a frequency in accordance with the 
capacitance, varies and the variation in oscillation frequency is obtained as an output corresponding to the 
input acceleration. 

These and other objects, features and advantages of the present invention will, become more apparent in 
light of the following detailed description of best mode embodiments thereof, as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a side view showing the construction of a conventional accelerometer; 

Fig. 2 is a schematic and circuit diagram showing an accelerometer according to a first embodiment of the 

present invention; 

Fig. 3 is a schematic and circuit diagram showing an accelerometer according to a second embodiment of 
the present invention; and 

Fig. 4 is a circuit diagram showing another example of an oscillation circuit. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

■ 

Fig. 2 shows an accelerometer according to a first embodiment of the present invention. In the figure, the 
portions corresponding to those in Fig. 1 are denoted by similar reference numerals. In this embodiment, a 
first electrode 21 is disposed on one surfaces of a plate-shaped reference mass member 13 which is 
perpendicular to an input axis 15. A second electrode 22 is disposed on a support member 1 1. The electrode 
22 is opposed in parallel with and spaced apart from the electrode 21. 

The pair of electrodes 21 and 22 form a capacitor 23. The capacitance of the capacitor 23 is a function of a 
relative distance between the electrodes 21 and 22. In other words, when the distance between the 
electrodes 21 and 22 which form the capacitor 23 becomes large; the capacitance of the capacitor 23 
decreases. In contrast, when the distance between the electrodes 21: and 22 becomes small, the 
capacitance, of the capacitor 23 increases. 

* » ■ 

In addition, the reference mass member 13 works as a pendulum. When an acceleration is applied to the 
support member 1 1 in either direction of the input axis 15, an angular displacement takes place in the 
reference mass member 1 3 and thereby the capacitance of the capacitor 23 formed by the pair of electrodes 
21 and 22 vanes, in other words, the refer^nc^ mass member 13 serves to. cpnvert an input acceleration to a 
variation in capacitance. 

* • ■ ■ " 

An oscillation circuit 24 oscillates with the capacitance of the capacitor 23 formed, by the pair of electrodbs21 
and 22 as a capacitance load. In other Words* the oscillation circuit 24 serves tb conveil the variation in 
capacitance into a variation in oscillation frequency. In this embodiment, as an example of the oscillation 
circuit 24, aknown Colpitis oscillation circuit is formed by a C-MOS inverter oscillation circuit utilizing such a 
piezo-electric device 25 as a crystal oscillator which is connected in parallel with the capacitor 23. An inverter 



INV, acts as an inverting amplifier, the output pf yyhich js fedjljack tojthe. input thereof through a feed-back 
resistor R, An inverter INV2 act? as a; b tiff er- The putput of the ; inViertie^ IN V2 is cp n nected to a calculating 
portion 26. The calculating portion 26 comprises a cdiirtter ?7, ^egist^r ?8 : , and a subtracter 29.The counter 
27 counts the number of pulses of the oscillatidji Output frbm in a predetermined 

pertod of time, The register 28 stores a counted value FO in th^ Condition that no acceleratton is applied. The 
subtracter 29 calculates the difference between the: counted value F of the counter 27 and the counted value 
FO stored in the register 28 (namely;: DELTA F = F • FO). 

In this construction, when an acceleration is applied to the support member 11 in the downward direction of 
the input axis 15, an inertial force is applied to the reference mass member 13 in the upward direction of the 
input axis 15. The magnitude of the inertia) force is proportional to that of the applied acceleration. Thus, an 
angular displacement takes place around the elastic hinge 12 of the reference mass member 13 in the 
upward direction of the input axis 15. Consequently, the capacitance of the capacitor 23 formed by the 
electrodes 21 and 22 increases and therebytne psciHatiori Jffequehcy of the oscillation circuit 24 which 
oscillates with the capacitance serving as the. load capacitance decreases. The register 28 stores the 
frequency FO counted by the counter 27 in the condition that no acceleration is applied.The oscillation 
frequency F in the condition that an acceleration is applied is measured by the counter 27 of the calculating 
portion 26. The difference between the measured value F and the value FO stored in the register 28 (namely, 
DELTA F = F - FO) is calculated by the subtracter 29. With the difference DELTA F (namely, the frequency 
variation being detected), the magnitude and direction of the acceleration being applied are detected. 

On the other hand, when an acceleration is applied to the support member .1 1 in the upward direction of the 
input axis 15, an inertial force in the downward direction of the input axis 15 takes place in the reference 
mass member 13. The magnitude of the inertial force is proportional to the.magnitude of the acceleration 
being applied. Thus, an angular displacement in the downward direction of the input axis 15 takes place 
around the elastic hinge 12 in the reference mass member. 13. Consequently, the capacitance of the 
capacitor 23 decreases and thereby the oscillation frequency of the oscillation circuit 24 increases. Thus, the 
magnitude and direction of the acceleration being applied are detected. 

Fig. 3 shows the construction pf an accelerometer according to a second embodiment of the present 
invention. In the figure, for the sake of simplicity, the porttons corresponding to those in Fig. 2 are denoted by 
the similar reference numerals. 

In this embodiment, another electrode 31 is disposed on a surface of the reference mass member 13 
opposite the electrode 21. The reference mass member 13 is supported by the support member 1 1. An 
electrode 32 is disposed on the support member 1 1 in such as way that the electrode 32 is opposed in 
parallel with and spaced apart from the electrode 31 to form a capacitor 33. When no acceleration is 
applied, the capacitance of the capacitor 33 is the same as that of the capacitor 23. In the accelerometer, 
another oscillation circuit 34 is also provided. The oscillation circuit 34 oscillates with the capacitance of the 
capacitor 34 serving as a load capacitance. As with the oscillation circuit 24, the oscillation circuit 34 is a 
OMOS inverter oscillation circuit using a piezo-electric device 25.The construction of the oscillation circuit 34 
is the same as that of the oscillation circuit 24. The capacitor 33 is connected in parallel with the 
piezo-electric device 25 of the oscillation circuit 34. The outputs of the oscillation circuits 24 and 34 are 
connected to a calculating circuit .36. The calculating circuit 36 comprises counters 27 and 37 and a 
subtracter 29. The counters 27 and 37. count the number of pulses of the oscillation outputs from the 
oscillation circuits 24 and 34 in a predetermined period of time, respectively. The and F2 which are counted 
by the counters 27 and 37 (namely, DELTA F = F2-F1), respectively. : 

In this construction, when an acceleration Is applied to the support member 1 1 in the downward direction of 
the input axis 15, ah inertial force in the upward direction of the input axis 15 takes place in the reference 
mass member 13. thus, dn angular displacement in the upward directioh : of the input axis 15 takes place 
around the elastic hinge 12 in the reference mass member 13. Consequently, the capacitance of the 
capacitor 23 formed by the electrodes 21 dnd 22 increases.. In contrast, the capacitance 33 formed by the 
electrodes 31 and 32 decreases. As a result, the oscillation frequency of the oscillation circuit 24 which 
oscillates with the capacitance of the capacitor 23 decreases, whereas the oscillation frequency of the 
oscillation circuit 34 which oscillates with the capacitance of the capacitor 33 increases.The oscillation 
frequencies F1 and F2 of the oscillation circuits 24 and 34 "are counted by the counters 27 and 37, 
respectively. The difference between both the counted values (namely, DELTA F = F2-F1) is calculated by 
the subtracter 29. Thus, an output corresponding to the input acceleration is obtained. 

* • 

When an acceleration in the upward direction ofthe input axis 15 is applied to the support member 11, the 
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accelerometer operates in the reverse mariher.Thus, the difference DELTA F between the output 
frequencies of the oscillation circuits 24 and 24 increases in reverse polarity. . . 

As described above, by detecting the difference of the outputs of th^dscillatipn circuits, the sensitiyityof the 
accelerometer can be doubled. In addiiiph, the fluctuattoh of the oscillation frequencies due to terhp;erature 

» • 

changes can be minimized. . 

.. . 

In Figs. 2 and 3, the Colpitts oscillation circuits as the oscillation: circuits 24 : and 34 were exemplified, 
However, it should be noted that instead of;such circuits, other bsciijatiori circu^ shows 
an example of an oscillation circuit usMg a'Schmitt trigger circuit In tte 41 is; an 

oscillation circuit. Jhe oscillation circuit 4;T ^ 

an inverter INV2. The Sbhmitt trigger tircijit 38 is a Commercially atejlSblei IC chip. The ^§d-back ctfciiit R 
feeds the . output of this Schmitt trigg^ The 
oscillation circuit 41 oscillateis with a frequency otthe dapacitdr 23 or 33 

connected to the input of the "Schmitt trigger circuit 3S.fhe psciilatten -circuit 4-1 does: not use the ■ . 
piezo-electric oscillator 25 unlike wrth the first and second embodimehts;shp : wh in Figs. 2 and 3. Thus, the 
sensitivity and frequency linearity against the input acceleration of this osciilation circuit 41 are superior. to 
those of the second and third embodiments. 

As described above, according to the present invention, the displacement of the reference mass member 
corresponding to the input acceleration is detected as a variation in capacitance of the capacitor. Thus, the 
accelerometer can be simply constructed, thereby reducing the size and production cost thereof. Particularly, 
when the differential measuring mechanism shown in Fig. 3 is employed, the accelerometer according to the 
present invention provides excellent temperature characteristics and high measurement accuracy. 

Although the present invention has been shown and described with respect to a best mode embodiment 
thereof, it should be understood by those skilled in the art that the foregoing and various other changes, 
omission, and additions in the form and detail thereof may be made therein without departing from the spirit 
and scope of the present invention. 
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